Introduction
Primary ovarian leiomyosarcoma (POLMS) is a rare disease (approximately 0.1% of all ovarian malignancies) [1] . To our knowledge, only 72 cases of POLMS have been reported [2] . Several studies suggest that the prognosis of POLMS is dismal, especially with residual disease [3] [4] [5] . Although standard therapies have not been established, surgery remains the mainstay of treatment, and complete resection should be attempted whenever possible [3] [4] [5] [6] [7] . For patients with residual or recurrent disease, chemotherapy may be reasonable treatment, and regimens have been determined according to treatment data for uterine leiomyosarcoma [8] . Here, we confirm that gemcitabine and docetaxel (GD) therapy resulted in obvious reduction in tumor size in our patient with POLMS.
Case report
The patient was a 40-year-old, gravida 5 para 1, Japanese woman who presented at another hospital with abdominal pain. She had no previous medical history, and her family history was unremarkable. Ultrasonography and magnetic resonance imaging (MRI) revealed a 13 × 9-cm intrapelvic mass suspicious of a degenerated uterine leiomyoma (Fig. 1) . Her serum lactate dehydrogenase (LDH) level was elevated at 423 IU/L. Diagnosed with uterine leiomyoma, the patient underwent an exploratory laparotomy. The patient had a 12-cm-diameter mass originating from the left ovary. Because she desired fertility preservation, tumor Abstract Primary ovarian leiomyosarcoma (POLMS) is extremely rare, and optimal therapy for this disease is unknown. A 40-year-old woman presented at a local hospital with abdominal pain. Tumor resection of the left ovary was performed. The pathological diagnosis was leiomyoma of the left ovary. Nine months after surgery, she developed of severe back pain and a subcutaneous tumor on her left shoulder. Magnetic resonance imaging and computed tomography revealed left ovarian tumor recurrence, pelvic bone metastasis, and multiple liver masses. Biopsy of the subcutaneous tumor on her left shoulder demonstrated metastatic leiomyosarcoma. The previously resected left ovarian tumor was reexamined, and the tumor was found to be a leiomyosarcoma. The patient received gemcitabine 800 mg/m 2 and docetaxel 60 mg/m 2 (GD therapy), administered at 3-week intervals. After three cycles of GD therapy, the patient experienced dyspnea and was diagnosed with mild interstitial pneumonia. Oral corticosteroid therapy resulted in complete symptom improvement. Thereafter, the dosage of GD was decreased, and after 13 cycles of GD therapy, radiofrequency ablation was performed twice for liver metastases. The tumors have shrunk by 65.5% after 23 cycles of GD. She remains alive after undergoing 24 cycles of GD. GD therapy may be effective for POLMS.
3
resection of the left ovary was performed. The pathological diagnosis of the tumor at that time was leiomyoma of the left ovary. Nine months after surgery, she was referred to our hospital complaining of severe back pain and a subcutaneous tumor on her left shoulder. MRI and computed tomography (CT) revealed left ovarian tumor recurrence, pelvic bone metastasis, and multiple liver masses.
A biopsy of the subcutaneous tumor on the patient's left shoulder revealed metastatic leiomyosarcoma. Microscopic re-examination of the left ovarian tumor resected at the other hospital revealed spindle cells arranged in fascicles (Fig. 2 ) with partial nuclear atypia and seven mitotic figures per 10 high-power fields (HPF). Coagulative necrosis was not observed. Immunohistochemical staining of the tumor was positive for smooth muscle actin (SMA) and desmin but was negative for S100, CD34, and c-kit (Fig. 2) . The Ki-67 labeling index was 30%. Therefore, the pathological diagnosis was recurrent leiomyosarcoma of the left ovary.
The patient started systemic chemotherapy with gemcitabine 800 mg/m 2 and docetaxel 60 mg/m 2 (GD), administered at 3-week intervals. After three cycles, she developed dyspnea. CT revealed interstitial pneumonia with mild ground-glass opacities in her lung. Her dyspnea completely improved after a 5-day course of oral dexamethasone 8 mg/ day. Thereafter, the dose of GD therapy was decreased to gemcitabine 400 mg/m 2 and docetaxel 40 mg/m 2 . After 13 cycles of GD therapy, she achieved an objective tumor response rate of 31.1%, which was a partial response, according to the response evaluation criteria in solid tumors (Fig. 3) . She subsequently underwent radiofrequency ablation (RFA) for the treatment of liver metastases twice. The patient has continued outpatient GD therapy and has since received a total of 24 cycles, with tumor shrinkage of 65.5% after 23 cycles of GD therapy (Fig. 3) . Severe adverse events have not been observed. She is alive and well 24 months after starting GD therapy. Discussion POLMS is extremely rare, and its histogenesis remains uncertain. POLMS probably originates from smooth muscle present in the walls of the blood vessels in the cortical stroma, the corpus luteum, the ovarian ligaments at their point of attachment to the ovary, remnants of the Wolffian ducts, or totipotential cells of ovarian mesenchyme [5, 6] .
The diagnostic criteria for POLMS are any two of the following: cellular atypia (or moderate or severe cytological atypia), coagulative necrosis, and mitotic index >10 per 10 HPF [7, 9] . If cellular atypia is present, a mitotic index >5 per 10 HPF can qualify as leiomyosarcoma, regardless of coagulative necrosis [9] . This might be a possible pitfall, because in uterine smooth muscle tumors which are more common than ovarian ones, a diagnosis of leiomyosarcoma is mostly made when mitotic index of the tumor is >10 per 10 HPF. Immunohistochemical staining for POLMS is generally positive for muscle-specific actin, SMA, desmin, and vimentin, and negative for S-100, cytokeratin, and c-kit [5, 7] . In our patient, the tumor was positive for SMA and desmin.
The prognosis for patients with POLMS is thought to be very poor. However, no survival data have been reported because of the rarity of this disease. A literature review of POLMS [1] [2] [3] [4] [5] [6] [7] revealed 56 cases where data on patient outcomes were available, and survival distribution was calculated by the Kaplan-Meier method. In these patients, 40% patients died within 24 months, with a median survival of 48 months. Moreover, the median survival times for patients with International Federation of Gynecology and Obstetrics (FIGO) stages I, II, and III/IV were 63, 18, and 14 months, respectively. These findings suggest that patients with POLMS have poor outcomes even in the early stages, and prognosis is extremely poor in advanced cases (FIGO stage II or more).
The optimal therapy for POLMS, especially in unresectable cases, also remains unclear. In the literature, the most frequently used adjuvant chemotherapy for POLMS is ifosfamide ± cisplatin, although the standard chemotherapy regimen has not been established (Table 1) [1] [2] [3] [4] [5] [6] [7] . Extrapolation of data for the treatment of uterine LMS to the POLMS setting is thought to be reasonable [8] . Recommended regimens for the first-line therapy for uterine LMS include doxorubicin [35] , doxorubicin plus ifosfamide [36] , gemcitabine [37] , and GD [38, 39] . Among these regimens, GD therapy yielded high response rates in uterine LMS. We, therefore, used GD as the first-line chemotherapy in the present case, with favorable results. During GD therapy, our patient underwent RFA therapy for liver metastases, because the tumors were confined to the liver. The effect of RFA was remarkable and no toxicity was found following the procedure. In soft-tissue sarcomas, especially in gastrointestinal stromal tumors, RFA is used for liver metastases with promising results [40, 41] . To our knowledge, this is the first report that shows a positive response to GD and RFA in a patient with recurrent POLMS. Our patient is alive 24 months after starting GD therapy. Although data about effective treatments for POLMS are limited, GD therapy may be useful for POLMS. 
